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Abstract
The quantum Goos-Ha¨nchen shifts of the transmitted electron beam through an AA-stacked
bilayer graphene superlattices is investigated. We found that the band structures of graphene
superlattices can have more than one Dirac point, their locations do not depend on the number of
barriers. It was revealed that any n-barrier structure is perfectly transparent at normal incidence
around the Dirac points created in the superlattices. We showed that the Goos-Ha¨nchen shifts
display sharp peaks inside the transmission gap around two Dirac points (E = VB + τ , E =
VW + τ), which are equal to those of transmission resonances. The obtained Goos-Ha¨nchen shifts
are exhibiting negative as well as positive behaviors and strongly depending on the location of
Dirac points. It is observed that the maximum absolute values of the shifts increase as long as
the number of barriers is increased. Our analysis is done by considering four cases: single, double
barriers, superlattices without and with defect.
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1 Introduction
Since the first experimental fabrication of monolayer graphene [1], a single sheet of carbon honey-
comb, it inspired researchers due to its unique electronic properties. This new material has a number
of interesting properties, which makes it one of the most promising materials for future nanoelectron-
ics [2]. What makes graphene so attractive is its band structure, which is gapless and exhibits a linear
dispersion relation at two inequivalent points (K, K ′) in the vicinity of the Fermi energy. Moreover,
its low energy of electrons is governed by a (2+1) dimensional Dirac equation, witch leads to many
fascinating physical properties, such as Klein tunneling [3]. Graphene can not only exist in the free
state, but two or more layers can stack above each other to form what is called few layer graphene,
as the case for bilayer graphene (BLG), two stacked sheets. There are two dominant ways in which
the two layers can be stacked to form AB or AA, with A and B are two sublattices of each layer, see
Figure 2 for AA.
Owing to the interlayer interactions between the two layers and stacking sequence, the energy
bands of AA-stacked BLG differ from those of the monolayer graphene and AB-stacked BLG. There
are two pairs of linear bands intersecting at the Fermi level, that are a double copies of single layer
graphene bands shifted up and down by the interlayer coupling γ ≈ 0.2 eV [4]. Due to this special
band structure, the AA-stacked BLG shows many interesting properties [4–9] that are different from
those of others. The research was less focused on AA-stacked BLG then AB-stacked BLG because
of its instability, but actually recent experiment proved that one can produce a stable AA system
[10–12].
On the other hand, the Goos-Ha¨nchen (GH) shift [13] is a phenomenon that originated in classical
optics in which a light beam reflecting off a surface is spatially shifted as if it had briefly penetrated
the surface before bouncing back. The GH shift was discovered by Hermann Fritz Gustav Goos and
Hilda Ha¨nchen [13, 14] and theoretically explained by Artman [15] in the late of 1940s. Usually, the
absorption and transmission of the two optical materials must be weak enough to allow a reflected
beam to be formed. Since its discovery, the beam spatial shift at total reflection suspected by Newton’s
corpuscular theory has been extended to other fields of physics, such as quantum mechanics, plasma
physics, acoustics [16], metamaterial [17], neutron physics [18] and graphene [19–21]. The Quantum
version of the GH shifts is an analogue to the optical GH one, which is referred to a lateral shift
between the reflected and incident beams occurring at the interface of two different materials on total
internal reflection. Generally, its magnitude is in order of the Fermi wavelength.
Recently, interesting results were reported on the quantum GH shift for charge carriers in graphene
systems [20–23]. This does not only reflects the unique transport properties of Dirac electrons and
holes in graphene nanostructures, but also promotes the application of graphene nanostructure in
nanoelectronic devices. Motivated by recent experiments on graphene superlattices (SLs) [24–26],
we consider a system of Dirac fermions through a periodic potential in graphene. We analyze the
GH shifts of the transmitted electron beam scattered by the potential profile presented in Figure 1
through AA-staked BLG. After formulating our model we compute the associated energy eigenvalues
and energy bands. We found that the energy bands are just the double copies of single layer graphene
bands shifted up and down by the interlayer coupling γ. In addition, the bounds structure of graphene
SLs can have more than one Dirac points, those locations do not depend on the number of barriers.
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Then, we used the transfer matrix method to determine the GH shifts and associated transmission
probability. The numerical results show that the manifestation of Klein tunneling occur at normal
incidence. Subsequently, we found that the GH shifts display sharp peaks inside the transmission
gap around the two Dirac points (E = VB + τ , E = VW + τ), where the number of this peaks is
equal to that of transmission resonances. Our findings are compared to those of single, double barrier
structures and graphene SLs with a defect.
This paper is organized as follows. In section 2, we consider Dirac fermions in AA-stacked BLG
system scattered by barrier potential (Figure 1). In section 3, we obtain the spinor solution corre-
sponding to each regions composing our system. We use the transfer matrix at boundaries together
with the incident, transmitted and reflected currents to end up with two transmission probabilities.
In section 4, we numerically present our results for the GH shifts and the transmission probability of
an electron beam transmitted through graphene SLs. Comparison with other graphene systems will
done and the influence of the defect mode on our graphene SLs will be analyzed. We conclude our
work and emphasize our main results in final section.
2 Theoretical model
We consider an AA-stacked BLG graphene SLs (graphene under periodic potential) with rectangular
barriers grown along the x -direction. The potential profile is shown in Figure 1, where the symbols ”B”,
”W” and ”D” denotes the barrier, well and the defect, respectively. The structure are characterized
by the potential barrier height VB with gaps ∆B and width dB, the potential well height VW with
gaps ∆W and width dW . The defect is denoted by the potential height VD with gaps ∆D and width
dD. The incidence and transmission regions correspond to the gapless graphene with ∆ = V = 0.
Note that, similar potential profile have been recently considered in monolayer graphene in [22].
Figure 1: Schematic representation of the potential profile.
In the basis of ψ =
(
ψA, ψB, ψA′ , ψB′
)T
, where ψA(A′ ) and ψB(B′ ) are the envelope functions
associated with the probability amplitudes of the wave functions on the A(A
′
) and B(B
′
) sublattices
of the upper (lower) layer, our system can be described by a single valley Hamiltonian
H =

V (x) + ∆(x) vF (px − ipy) γ 0
vF (px + ipy) V (x)−∆(x) 0 γ
γ 0 V (x) + ∆(x) vF (px − ipy)
0 γ vF (px + ipy) V (x)−∆(x)
 (1)
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where p = (px, py) being the two-dimensional momentum operator, the Fermi velocity vF = 10
6 m/s,
the interlayer coupling γ ≈ 0.2 eV [4], the gaps ∆(x) and potential V (x). For graphene SLs with
defect the potential is defined by
V (x) =

VB, nd ≤ x ≤ nd+ dB
VW , nd+ dB ≤ x ≤ (n+ 1)d
VD, Nd ≤ x ≤ Nd+ dD
(2)
and the gap reads as
∆(x) =
{
∆B, nd ≤ x ≤ nd+ dB
0, otherwise
(3)
where 0 ≤ n ≤ N − 1, N being the number of period, such that the period is considered as the
alternating barriers and wells with the width d (d = dB + dW ).
Figure 2: Schematic illustration of lattice structure of AA-stacked bilayer graphene, which consists of two
graphene layers. Each carbon atom of the upper layer is located above the corresponding atom of the lower
layer and they are separated by an interlayer coupling energy γ. The unit cell of the AA-stacked bilayer
graphene consists of four atoms A, B, A’ and B’.
Due to the translation invariance in the y-direction, the momentum is a conserved quantity, then
the eigenvalue of (1) takes the form
ψ(x, y) = eikyyψ(x, ky). (4)
Solving the eigenvalue equation Hψ = Eψ, one finds the energy bands
si,τi = τ + si
√
η2
(
(kτxi)
2 + (ky)2
)
+ ∆2i (5)
where i = E − Vi, the index i (i = B, W, D) corresponds to the barrier, well and defect regions,
kτxi =
√
−k2y + η−2
(
(i − τ)2 −∆2i
)
(6)
is the wave vector along the x -direction with τ is the cone index such that τ = +1 (τ = −1) for the
upper (lower) cone and si = sign(i). We further introduce the length scale η =
~vF
γ ≈ 3.29 nm and
switch to dimensionless quantities by measuring all energies terms in units of the interlayer coupling γ
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such that i −→ iγ , ∆i −→ ∆iγ . For the incidence and transmission regions where we have V = ∆ = 0,
the energy bands are
Es0,τ = τ + s0
√
η2
(
(kτx0)
2 + (ky)2
)
(7)
and the wave vector reads as
kτx0 =
√
−k2y + η−2 (E − τ)2 (8)
with s0 = sign(E).
Plots of the energy bands structure in AA-stacked BLG, evaluating (5) for the barrier region, have
been shown in Figure 3. We clearly see that the energy bands are different from that of the AB-stacked
BLG [27] and also monolayer graphene [1]. One can observe that for zero gap, the energy bands are
linear and just two copies of the monolayer band structure shifted up and down by γ = 0.2 eV
(Figure 3(a)), respectively. In addition, the Dirac points are located at E = VB ± γ. For a finite
gap, the spectrum is parabolic and the two Dirac points are lifted and they are shifted up and down
by ∆B (Figure 3(b)). We can observe that when the potential heights VB increase, the energy bands
increase upwards.
Figure 3: Energy bands as function of the momentum ky. The solid and dashed curves correspond to the
upper and lower cone i.e. τ = +1 and τ = −1, respectively, where the physical parameters are chosen to
be, (a) : VB = 0 (blue curves), VB = 3γ (red curves) and ∆B = 0. (b) : VB = 0 (blue curves), VB = 3γ
(red curves) and ∆B = 0.5γ.
As usual, to derive the eingespinors we solve Hψ = Eψ. The corresponding eigenspinors can be
written as
ψi = Li ·Ai (9)
where we have set
Li =

sif
+,+
i e
ik+xix sif
+,−
i e
−ik+xix sif
−,+
i e
ik−xix sif
−,−
i e
−ik−xix
eik
+
xi
x e−ik
+
xi
x eik
−
xi
x e−ik
−
xi
x
sif
+,+
i e
ik+xix sif
+,−
i e
−ik+xix −sif−,+i eik
−
xi
x −sif−,−i e−ik
−
xi
x
eik
+
xi
x e−ik
+
xi
x −eik−xix −e−ik−xix
 , Ai =

α+i
β+i
α−i
β−i
 (10)
with
f τ,±i = ±
√
E − Vi − τ + ∆i
E − Vi − τ −∆i e
∓iφτi , φτi = arctan(ky/k
τ
xi). (11)
It may be noted that for AB-stacked BLG, in the four band model, we have four reflection and four
transmission channels [27]. For AA-stacked BLG, all intercone transitions (τ −→ −τ) are strictly
4
forbidden due to the orthogonality of electron wave functions with a different cone index [28], which
yield to only two transmissions (τ −→ τ). Thus, we can reduce the 4× 4 matrix to the following 2× 2
matrix
Li =
(
siτf
τ,+
i e
ikτxix siτf
τ,−
i e
−ikτxix
τeik
τ
xi
x τe−ik
τ
xi
x
)
, Aτi =
(
ατi
βτi
)
. (12)
3 Transmission and Goos-Ha¨nchen shifts
We are interested in the normalization coefficients, the components of Aτi , on the both sides of the
superlattices. In other words, for the incidence and transmission regions, we have, respectively
Aτin = (1, r
τ )T , Aτtr = (t
τ , 0)T (13)
where rτ and tτ are the reflection and transmission coefficients of each cone (τ = ±1), respectively.
The coefficients rτ and tτ are determined by imposing the continuity of the wave functions. For this,
we need to match the wave functions at the boundaries between different regions. This procedure is
most conveniently expressed in the transfer matrix formalism [29]. From the continuity of the wave
function, we end up with (
1
rτ
)
= M
(
tτ
0
)
(14)
where M is the transfer matrix
M = L−1in [0] ·G · Ltr [ζ] (15)
Note that Lin = Ltr is determined from (12) at the condition V = ∆ = 0. The matrix G and width ζ
depend on the choice of the graphene structures. For graphene SLs ((BW )NB(WB)N ), BW means
a barrier followed by a well (i.e., period) and N is the number of period, G is given by
G = (FB · FW )N · FB · (FW · FB)N (16)
and ζ reads as
ζ = 2Nd+ dB (17)
where the matrix Fi takes the form
Fi =
1
cosφi
(
cos (kxidi + φi) −isif τi sin (kxidi)
−i sifτi sin (kxidi) cos (kxidi − φi)
)
, i = B,W,D. (18)
We can explicitly write the above relations for three graphene systems. Indeed, single barrier:
G = FB, ζ = dB (19)
Double barrier:
G = FB · FW · FB, ζ = d+ dB (20)
Graphene SLs ((BW )ND(WB)N ) with defect D:
G = (FB · FW )N · FD · (FW · FB)N , ζ = 2Nd+ dD. (21)
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From the above analysis, now one can obatin two channels for the transmission probability in each
individual cone. These are given by
tτ =
1
M11
(22)
where M11 is an elements of the transfer matrix M given by (15). After a lengthy but straightforward
algebra, we show that the transmission coefficient can be written in terms of the phase shift ϕ as
tτ =
1
f0e−iϕ
. (23)
Using (15) to end up with
f0e
iϕ =
1
2
(
G11 +G22 + i
[
s0
(
G′12 +G
′
21
)
secφ0 + (G22 −G11) tanφ0
])
(24)
where Gµν are the matrix element of G with G
′
µν = −iGµν for µ 6= ν. The phase shift can be expressed
explicitly as
ϕ = arctan
s0
(
G
′
12 +G
′
21
)
secφ0 + (G22 −G11) tanφ0
G11 +G22
 . (25)
The phase obtained obove can be used to investigate the GH shifts for the transmitted electron
beam through the AA-stacked BLG superlattices. Indeed we look at the GH shifts by considering an
incident, reflected and transmitted beams around some transverse wave vector ky = ky0 corresponding
to the central incidence angle φ = φ0, denoted by the subscript 0. These can be expressed in integral
forms as
Ψτin(x, y) =
∫ +∞
−∞
dky g(ky − ky0) ei(k
τ
x0
x+kyy)
(
s0τe
−iφτ0
τ
)
(26)
Ψτre(x, y) =
∫ +∞
−∞
dky r
τ g(ky − ky0) ei(−k
τ
x0
x+kyy)
(
−s0τe−iφτ0
τ
)
(27)
Ψτtr(x, y) =
∫ +∞
−∞
dky t
τ g(ky − ky0) ei(k
τ
x0
x+kyy)
(
s0τe
−iφτ0
τ
)
(28)
where each spinor plane wave is associated to the Hamiltonian (1) and g(ky − ky0) is the angular
spectral distribution, which assumed to be of Gaussian shape. To calculate the GH shifts of the
transmitted beam through our system, according to the stationary phase method [30], we adopt the
definition [20,23]
sτt = −
∂ϕ(ky)
∂ky0
(29)
where the phase ϕ(ky) of the transmission coefficient t
τ (ky), defined in (25), depend on ky. Note that,
we have two shifts corresponding to the upper (τ = +1) and lower (τ = −1) cones.
4 Numerical results
We will numerically study the transmission and GH shifts in different graphene based nanostructures:
single, double barriers and graphene SLs with and without defect. In what follow, the GH shifts well
be calculated in unit of the Fermi wavelength with the length scale η
λ =
2piη
E − τ . (30)
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4.1 Perfect transmission at normal incidence
We recall that for monolayer graphene, the Klein tunneling (perfect transmission) manifest at normal
incidence through potential barriers as predicted in [3] and experimentally observed [31,32]. While, in
the case of AB-stacked BLG there is no Klein tunneling at normal incidence [3,33]. Now we turn our
attention to investigate the basic behaviors of single, double barriers and graphene SLs of AA-stacked
BLG for zero gap. Figure 4, presents the transmission and GH shifts as a function of the wave vector
ky around the Dirac point (E = VB + τ) with ∆B = 0, dW = dB = 7nm, VB = 10γ and VW = 4γ.
The blue, red and green lines correspond to single, double barriers and graphene SLs composed of 7
regions, respectively.
• From Figure 4(a), we clearly see that the transmission exhibits a maximum (perfect transmission)
for normal incidence, (ky = 0) and vanishes for specific values that decrease by increasing the
number of barriers. We observe that the curve of T is bilaterally symmetrical with respect to the
normal incidence around the Dirac point. Our transmission for the upper layer T+ is equal to the
transmission for the lower layer T−, which give the total transmission as average. Recall that,
for AB-stacked BLG the total transmission is resulting from four transmission channels [27].
• Figure 4(b) shows that the GH shifts change the sign at the Dirac point E = VB+τ . We observe
that by increasing the number of barriers, the maximum absolute values of the GH shifts increase.
In contrast to the transmission, the shifts is bilaterally asymmetrical with respect to the normal
incidence around the Dirac point. Since the shifts are strongly related to the transmission, we
can conclude that the total shifts are the average of the two shifts corresponding to the upper
and lower cones.
Figure 4: Transmission probability (a) and Goos-Ha¨nchen shifts (b) as function of transverse wave vector
ky, around the Dirac point (E = VB + τ), for single (blue line), double (red line) barrier and graphene
superlattices (green line), where physical parameters are chosen to be ∆B = 0, dW = dB = 7nm,
VB = 10γ and VW = 4γ.
4.2 Single barrier structure
We consider electron in AA-stacked BLG scattered by single barrier structure in the absence of the
gap. In Figure 5, we present the density plot of the transmission probability and GH shifts as a
function of the incident angle and its energy corresponding to the upper (τ = +1) and lower (τ = −1)
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cones, for ∆B = 0, dB = 7nm and VB = 10γ. Recall that for AA-stacked BLG the band structure is
composed of two Dirac cones shifted by τ . From Figure 5, we see that the transmission and the GH
shifts, for both cones, has the same form as that in the case of monolayer graphene [23]. Obviously,
the GH shifts can be positive as well as negative and are closely related to the transmission gap.
• Figure 5(b) and 5(d) indicates that, for positive incident angle, the GH shifts are negative for
E < VB + τ , positive for E > VB + τ , change the sign near the Dirac point, E = VB + τ and
become large at some resonance points. Since the GH shifts are bilaterally asymmetrical with
respect to the normal incidence, for negative incident angle, the shifts are positive for E < VB+τ
and negative for E > VB + τ .
• Figures 5(a) and 5(c) show that there is perfect transmission for normal or near normal incidence
(φτ0 → 0), which is a manifestation of the Klein tunneling [3]. We notice that the angular
dependence of the transmission probability is very remarkable. Moreover, the transmission is
bilaterally symmetrical with respect to the normal incidence.
(a) (b)
(c) (d)
Figure 5: Density plot of the transmission probability and Goos-Ha¨nchen shifts as function of the energy
for single barrier, with physical parameters ∆B = 0, dB = 7nm and VB = 10γ. τ = 1 for (a, b), τ = −1
for (c, d).
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4.3 Double barrier structure
Now we consider a double barrier structure, the transmission probability and GH shifts as a function
of the incident angle and its energy for both cones are presented in Figure 6. The physical parameters
are chosen to be ∆B = 0, dW = 2dB = 14nm, VB = 10γ and VW = 4γ.
(a) (b)
(c) (d)
Figure 6: Density plot of the transmission probability and Goos-Ha¨nchen shifts as function of the incident
angle and its energy for double barrier structure, with physical parameters ∆B = 0, dW = 2dB = 14nm,
VB = 10γ and VW = 4γ. τ = 1 for (a,b), τ = −1 for (c,d).
Figures 6(a,c) correspond to the transmission, while 6(b,d) correspond to the GH shifts for the upper
(τ = +1) and lower (τ = −1) cones, respectively. Compared to the results of single barrier, there
is a new Dirac point, which appears at E = VW + τ that is resulting from the chiral nature of
massless Dirac excitations. It is clearly seen that the transmission displies sharp peaks inside the
transmission gap around the Dirac point located at E = VB +τ , while they are absent around the new
Dirac point located at E = VW + τ that corresponds to the first transmission gap. We notice that,
the transmission resonances are resulting from the available states in the well between the barriers.
For positive incident angle, the GH shifts are negative for E < VW + τ and positive for E > VB + τ .
However, for VW +τ < E < VB+τ the shifts shows different behaviors, which are positive and negative,
respectively. In addition, the shifts display sharp peaks, that are equal to that of the transmission
resonances, inside the transmission gap around E = VB + τ . While, these peaks are absent around the
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second Dirac points E = VW + τ . On the other hand, compared to our previous work [20], we found
a strong similarities with respect to the monolayer case.
4.4 Graphene superlattices
(a) (b)
(c) (d)
Figure 7: Density plot of the transmission probability and Goos-Ha¨nchen shifts as function of the incident
angle and its energy for graphene superlattices structure ((BW )5B(WB)5), with physical parameters
∆B = 0, dW = 2dB = 14nm, VB = 10γ and VW = 4γ. τ = 1 for (a,b), τ = −1 for (c,d)
Let us consider a graphene SLs composed of 11 barriers and 10 wells denoted by (BW )5B(WB)5.
To underline the behaviors of the transmission and GH shifts in terms of the incident angle and its
energy, we plot Figure 7, with the same physical parameters as in Figure 6. Compared to the results
shown for double barrier structure, we notice that there are the same positions of the Dirac points for
each individual cone. For positive incident angle (when E < VW + τ and E > VB + τ), the shifts are
respectively, in the forward and backward directions, which is due to the fact that the signs of group
velocity are opposite. We observe that peaks in transmission gap appear and the GH shifts display
sharp peaks inside the transmission gap around the Dirac point located at E = VW +τ , both of results
are absent in the case of double barrier structures. One can see that the number of sharp peaks of the
shifts is equal to that of transmission resonances around the two Dirac points. It is interesting to note
that for graphene SLs, we have more then one Dirac point located at the same position, while the
10
position of the Dirac point is the same whatever the number of the barriers. Like single and double
barrier structures, the transmission is bilaterally symmetrical with respect to the normal incidence.
In addition, we notice that as observed in [20, 23], the GH shifts are related to the transmission gap
around the two Dirac points.
(a) (b)
Figure 8: Density plot of transmission probability as function of the gap and the interbarrier dB = dW and
energy E, with VW = 4γ, VB = 10γ, τ = 1 and φ
+1
0 = 4
◦. dB = dW = 14nm for (a), ∆B = 1γ for (b).
Now, we will turn to discus the influence of the gap and the width dB = dW on the transmission
for graphene SLs. Note that, the gap is introduced, as shown in Figure 1, in the barrier regions.
In Figure 8(a), we show the density plot of the transmission as function of the gap ∆B and energy
E. This has been performed by fixing the parameters VW = 4γ, VB = 10γ, τ = 1, φ
+1
0 = 4
◦ and
dB = dW = 7nm. For zero gap, one can see that the transmission exhibits sharp peaks around the
two Dirac points E = VB + 1 and E = VW + 1. By increasing ∆B, the transmission gap around the
Dirac point located at E = VB + 1 increases. We also observe that the transmission exhibits some
oscillation and vanishes after that. It is worth to see how the barrier width dB = dW will affect the
transmission probability, this is shown in Figure 8(b). We choose the same physical parameters like
in Figure 8(a) with gap ∆B = 1γ. As we have already seen in Figure 8(a), we have a transmission gap
around the Dirac point located at E = VB + 1. In addition, there exists a sharp transmission peaks
and the location of such peaks is changed by the interbarrier width.
4.5 Graphene superlattices with defect
Now, we consider a gapless graphene SLs (BW )5D(WB)5 with a defect D. Figure 9 presents the
numerical results of the transmission and GH shifts for the upper cone (τ = +1) in terms of the
incident angle and its energy for graphene SLs with defect. We should emphasize, that for the lower
cone (τ = −1) we obtain the same form as for T+1 and s+1t but just shifted down. In such structure,
one can clearly end up with an interesting result such that, in addition to the two Dirac points found
in the case of graphene SLs, it has a third Dirac point located at E = VD + τ . Additionally, we have
more then one Dirac point located at the same position for E = VB + τ and E = VW + τ , but we
have only one Dirac point located at E = VD + τ . Similar to the case with defect (Figures 7(b,d)), we
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observe that the shifts display sharp peaks inside the transmission gap around the two Dirac points
located at E = VB + τ and E = VW + τ , which are absent in the transmission gap around E = VD + τ .
(a) (b)
Figure 9: Density plot of the transmission probability (a) and Goos-Ha¨nchen shifts (b) as function of the
incident angle and its energy for graphene superlattices (BW )5D(WB)5 with defect D. ∆B = 0, ∆D = 0,
dW = 2dB = 14nm, dD = 30nm, VB = 11γ, VW = 4γ and VD = 8γ.
4.6 Influence of the potential height VD
Figure 10: Transmission probability (a) and Goos-Ha¨nchen shifts (b) as function of the potential height
VD for graphene superlattices (BW )
5D(WB)5 with defect D. ∆B = 0, dW = 2dB = 14nm, dD = 30nm,
VB = 11γ, VW = 0, τ = 1, φ0
+1 = 4◦ (green line), φ0+1 = 6◦ (red line), φ0+1 = 8◦ (blue line) and
E = 8γ.
Now let us see how the potential height VD of defect in gapless graphene SLs affects the transmission
T+1 and GH shifts s+1t . These two quantities are shown in Figure 10 for dW = 2dB = 14nm,
dD = 30nm, VB = 11γ, VW = 0, τ = 1, E = 8γ and three different values of the incident angle
φ+10 = 4
◦, 6◦, 8◦. Figure 10(b) shows that the GH shifts change the sign at the Dirac point E = VD+1.
One can see that, there is a strong dependence of the GH shifts on the incident angle. Indeed, by
increasing the incident angle the maximum absolute value of the shifts increase and the transmission
gap becomes larger. We notice that the GH shifts are positive as long as the condition E − τ > VD is
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satisfied and negative if E − τ < VD. For large value of VD, the GH shifts become mostly constant.
We deduce that there is a strong dependence of the GH shifts on the potential height VD, which can
help to realize controllable negative and positive GH shifts. From Figure 10(a), we clearly see that
the transmission gap becomes larger by increasing the incident angle. In addition, by increasing VD
both transmission and GH shifts exhibits an oscillatory behavior in terms of the potential VD.
5 Conclusion
We investigated the transmission and Goos-Ha¨nchen shifts for the Dirac fermions transmitted through
AA-stacked bilayer graphene superlattices with a periodic potentials of square barriers. We started
by formulating our Hamiltonian model that describes the system under consideration and getting the
associated energy bands. The obtained bands are composed of two Dirac cones shifted up and down
by the interlayer coupling γ.
Using the transfer matrix method, we calculated the transmission and the Goos-Ha¨nchen shifts.
These two quantities were investigated in different graphene-systems: single, double barriers and
graphene superlattices. We obtained two transmissions and two shifts corresponding to the upper
and lower cones. The total transmission is the average of the two transmissions and the same for the
total Goos-Ha¨nchen shifts. Moreover, we found that the two transmissions and the two Goos-Ha¨nchen
shifts, for both cones, have the same form as that in the case of monolayer graphene but shifted up
and down by τ .
Subsequently, it has been shown that Klein tunneling of an electron can occur at normal incidence,
for single, double barriers and graphene superlattices. Also, we have found that the shifts can be
positive as well as negative and change the sign at the Dirac points. Moreover, by increasing the
number of barriers, the maximum absolute values of the shifts increase. In the case of double barrier
structures and graphene superlattices, exist extra Dirac points located at E = VW + τ , as compared
to the case of single barrier, where we have only one Dirac point located at E = VB + τ . In addition,
for the case of graphene superlattices, there is more than one Dirac point at the same position. For
such structure, the Goos-Ha¨nchen shifts display sharp peaks inside the transmission gap around the
two Dirac point E = VB + τ and E = VW + τ . We ended up with an interesting result such that the
number of sharp peaks is equal to that of transmission resonances. We noticed that the sharp peaks
are absent around the Dirac point E = VW + τ in the case of double barrier structure. These results
are in agrement with those of monolayer graphene obtained in our previous work [20].
Furthermore, we showed that the shifts can be modulated by the height of potential barrier and
also can be enhanced by the presence of resonant energies, which have potential applications in various
graphene-based electronic devices [34–36]. In addition, we also investigated the Goos-Ha¨nchen shifts
for graphene superlattices with a defect. It is observed that the negative or positive shifts can be
enhanced and controlled by the potential height of defect. The Goos-Ha¨nchen shifts discussed her
may have potential applications in the control of electron beams in the fields of various graphene
based electronic devices.
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